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A semiconductor layer annealing method comprises a 
step of heating a wafer consisting of a substrate and a 
semiconductor layer formed thereon by a heating 
means at a preheating temperature which will not exer- 
cise adverse thermal effect on the substrate, heating a 
portion of a small area of the semiconductor layer by a 
pulse of an excimer laser beam in one annealing cycle to 
a temperature higher than the preheating temperature 
and high enough to anneal the portion of the semicon- 
ductor layer, and repeating the annealing cycle to an- 
neal the successive portions of the semiconductor layer 
sequentially. Since the semiconductor layer is preheated 
and the excimer laser beam needs only to raise the tem- 
perature of the semiconductor layer by a temperature 
far lower than the annealing temperature, the energy 
density of the excimer laser beam on the semiconductor 
layer may be smaller than that required by the prior art 
semiconductor layer annealing method and hence the 
area of a portion of the semiconductor layer which can 
be annealed by the semiconductor layer annealing 
method is greater than that can be annealed by the prior 
art semiconductor layer. 

7 Claims, 2 Drawing Sheets 
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capable of sufficiently annealing a semiconductor layer 
SEMICONDUCTOR LAYER ANNEALING formed on a substrate so that only few traps remain in 

METHOD USING EXCIMER LASER the semiconductor layer at a high throughput without 

entailing adverse effect of heat on the substrate. 
BACKGROUND OF THE INVENTION 5 A semiconductor layer annealing method in one as- 

1. Field of the Invention f^^ 1 ^^TJJ^^^ 
The present invention relates to a semiconductor layer formed on a substrate with an exc^ las^beam 

layer annealing method and, more particularly, to a at a relatively high temperature whdf Jne^^ e 
method of annealing a semiconductor layer, such as a carrying the semiconductor Uyer cheated at a temper- 
silicon layer, formed on a substrate, such as a glass plate. 10 ature that will not cause adverse effects on the substrate. 

2. Description of the Prior Art BRIEF DESCRIPTION OF THE DRAWINGS 
Most liquid crystal devices employ a substrate of 

low-melting glass having a softening point of 600" C. The above and other objects, features and advantages 

because low-melting glass is inexpensive. In fabricating of the present invention will become more apparent 

a liquid crystal device employing a low-melting glass 15 from the following description taken in connection with 

substrate, a very complex LSI circuit must be formed the accompanying drawings, in which: 

on the low-melting glass substrate. In forming a LSI FIGS. 1A, IB and 1C are illustrations of assistance in 

circuit on the low-melting glass substrate, a semicon- explaining a semiconductor layer ann eal i ng method in a 

ductor layer, such as a silicon layer, is formed on the preferred embodiment according to the present inven- 

low-melting g ia« substrate by, for example, a CVD 20 tion, in which FIG. 1A is a sectional view of an anneal- 

process, and then the semiconductor layer must be an- mg apparatus for carrying out the semiconductor layer 

nealed. annealing method, FIG. IB is a sectional view of a 

Generally, the semiconductor layer is annealed by a wafer and FIG. 1C is a timing chart showing the timing 

lamp annealing process, in which the semiconductor 0 f heating for annealing; and 

layer is heated at an annealing temperature on the order 25 pjQ 2 is a sectional view of another annealing appa- 

of 600* C. because it is possible that the low-melting ratus f OT carrying out the semiconductor layer anneal- 

glass substrate is deformed by heat if the annealing mg met hod of the present invention, 

temperature is higher than 600* C. It is possible to form T ^ 

a LSI circuit on the semiconductor layer annealed at DETAILED DESCRIPTION OF THE 

600° C. and the characteristics of the semiconductor 30 PREFERRED EMBODIMENTS 

devices, such as transistors, of the LSI circuit are pass- Referring to FIG. IB, a wafer 1 has a low-melting 

able. However, an annealing temperature on the order gubstrate 2 having a softening point of 600° C, a 

of 600* C is unable to prevent the creation of traps m Si02 buffer layer 3 formed on the low-melting glass 

the semiconductor layer and traps produced in the semi- substrate 2, and a polycrystalline silicon layer 4 formed 

conductor layer cause restraints on the improvement of 35 ^ buffef k 3 pj^^ the S1O2 buffer 

the ^cond^ devices formed on *e semiconduc- dispensable, it is preferable to form the SiOz 

tor lay er The ^conductor layer mustbel^ted at a ^ 3oWthe surface of the low-melting glass 

toperature m the range of 1200 C to 1400 C. for to ^ p^^taMine silicon layer 4 

^anS 8 method proposed in Japanese Patent 40 to be heated f^^^^^^^ 

Laid-open (KoLi) No. Hei 2-1 1452 enmloys^cimer ^ w ^^ 

laser beam for annealing. The excimer laser beam is able 1 nc waicr 1 15 5 _^ ;icu w ** p,u V- li 6 

SeS %SSS22£ layer effectively with- JW, - Z^SSTSXS!^ ' 

out heating the su^t. However, *e energy of a ^^^^T^^S apparatus has a, 

pulse of an excimer laser beam emitted by an excimer 45 Keiernng lo T 1 ^; ^ rZ^T^ 

User available in the market is as small as 1 J. Therefore, arc lamp 5 a reflector 6 for reflecting the light emitted 

S^S to anneal a semiconductor layer having a by the arc lamp 5 and travelmg away from die wafer 1 

relatively large area with the excimer laser beam be- toward ihewafer 1. a tempera^ede^rr su^as a 

cause the excimer laser beam is able to anneal only a t**™?*^?^^ 

very small section of the semiconductor laye* at at tra » ture of the wafer 1, quartz rods 8 for snpporting the 

Whence the annealing cycle must be repeated many wafer > and an cxcm^User, not ^J**^ 

times for many small sections of the sermcoraluctor intensity of the arc lamp 5 is regiilated onthe ba*s of 

layer. Tnus, the throughput of an annealing apparatus the temperature detected by the tempera^ detector 7 

using the excimer laser beam for annealing is very small. so that the wafa 1 is heated at a desired temperature^ 

An attempt has been made to anneal a semiconductor 55 for example, 600 C The wafer 1 is supported on the 

layer by scanning the entire area of the semiconductor quartz rods 8 with 1 the rx^crystallme silicon layer 4 

layer with an excimer laser beaiiLHowew,iftliesemi- facing the exenner laser and with the low-melting glass 

conductor layer is scanned with the excimer laser beam, substrate 2 facing the arc lamp 5. 

the portions of the semiconductor layer on the scanning A pulse excimer laser beam projected by the excimer 
lines and those of the same between the scanning lines 60 laser from under the wafer 1 falls on the semiconductor 

may be heated respectively at different temperatures. silicon layer * to heat a portion of the polycrystalhne 

Thus, it is doubtful if the method of annealing a semi- silicon layer 4 of a predetermined small area at a time 

conductor layer by scanning the semiconductor layer The position of incidence of the pulse excimer laser 

with an excimer laser beam is practically applicable beam is shifted gradually to irradiate the entire area of 

65 the polycrystalline silicon layer 4. 

SUMMARY OF THE INVENTION In annealing the polycrystalline silicon layer 4, the 

Accordingly, it is an object of the present invention wafer 1 is heated at 600' C by the arc lamp 5, and then 

to provide a semiconductor layer annealing method the polycrystalline silicon layer 4 is irradiated with the 
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pulse excimer laser beam. Since the wafer 1 is heated softening point of 1000* C, the quartz substrate and the 

beforehand at 600* C, the polycrystaUine silicon layer 4 polycrystaUine silicon layer formed thereon may be 

is heated at, for example, 1400* C. when irradiated with heated beforehand to about 1000° C. and the pulse ex- 

the pulse excimer laser beam. cimer laser beam needs to raise the temperature of the 

As shown in FIG. 1C, a trigger signal is given to the 5 polycrystaUine silicon layer 4 only by 400* C There- 

excimer laser to actuate the excimer laser when the fore, the area of a portion of the polycrystaUine silicon 

wafer 1 is heated at 600* C by the arc lamp 5. The pulse layer 4 formed on the quartz substrate which can be 

excimer laser beam is a XeCl laser beam having a wave- annealed by one pulse of the pulse excimer laser beam is 

length of 307 nmora KrF laser beam having a wave- about twice the area of a portion of the polycrystaUine 

length of 248 nm. The pulse width of the pulse excimer 10 silicon layer 4 formed on the low-melting glass substrate 

laser beam is in the range of 20 to 40 nsec and the maxi- by one pulse of the same pulse excimer laser beam, and 

mum frequency of the pulse excimer laser beam is, for the throughput of the semiconductor layer annealing 

example, 300 pulses/sec. Several pulses of the pulse process wfll be doubled when the quartz substrate is 

excimer laser beam may be applied to each portion of a used. 

predetermined small area of the polycrystaUine silicon 15 jij e semiconductor layer annealing method of the 

layer 4. present invention is applicable also to annealing a semi- 

Thus, the polycrystaUine silicon layer 4 is annealed conductor layer formed on a semiconductor substrate, 

satisfactorily without exercising adverse thermal efTect For example, in fabricating a SRAM having load 

on the low-melting glass substrate 4 by being effectively MOSFETs formed in a polycrystaUine silicon layer 

heated at a high temperature of 1400* C for a very short 20 fonned on a semiconductor substrate, the polycrystal- 

time interval in the range of 20 to 40 nsec after heating ^ ^ con ^ must ^ annealed after the same has 

the wafer 1 at 600* C, i.e., a temperature lower than the ^ fonned b a cvd process so that the devices 

softening point of the low-melting glass substrate Z including the MOSFETs formed on the semiconductor 

The absorption coefficient a (which in general, is substr atc are not deteriorated. Therefore, the semicon- 

f^^o by a) w , i OT bgl ? t a , WaV t 25 ductor substrate cannot be heated at a high temperature; 

248 ™ or 3 ° 7 ™ : (^violet radiation), such ^ f ^ ^ fc ^ ordcr of m . 

as XeCl laser ight or KrF laser light, is Itf/cm, and *e ^ polycr^alline silicon layer in which 

tl^wA^ ? e load MD^ie » be formed must be heated, 

bghiat the deptt d I a s^icon^yer *lo1s tSS 30 *°° C J> r u ab ? ve for ff™ a f neahn * * mch 

oflight on thfsurface of the layer, and^e is the base of ^ ved b * the semiconduc^^^ 

the natural logarithms, is 100 A. Accordingly, the ex- of P resent m venUon v ^ ^ * e semi^uctor 

cimer laser iTSly penetrates the p>£^fl»llte * ***** * «f c * » heatmg lany and 

silicon layer 4 if the thickness of the ^crystalline * e polycn^talhne silicon layer ^ heated at «XT C. 

sUicon layer 4 is not less than 100 A and hence the 33 or above by the pulse excimer laser beam for annealing, 

low-melting substrate 2 is barely heated. The heating lamp may be an arc lamp or a halogen 

Although the polycrystaUine silicon layer 4 pre- lamp, 

heated at 600* C isheated to the annealing temperature Incidentally, the halogen lampi s not suitable for the 

of 1400* C. the temperature of the polycrystaUine sUi- preheating of a glass substrate because the halogen lamp 

con layer 4 needs to be raised only by 800* C by the 40 "M* nght having a relatively long wavelength which a 

excimer laser beam. Accordingly, the energy density of «*«rate absorb. Therefore, the are lamp is 

the excimer laser beam may be 600p (p is the specific »*° *» the preheating of the low-melting glass sub- 

heat of the polycrystaUine silicon layer 4) less than that strate. 

necessary for heating the same polycrystaUine silicon If * * possible that the temperature measured by the 

layer 4 by the prior art annealing method, and hence the 45 temperature detector 7, lc, the thermoelectric ther- 

area of a portion of the polycrystaUine silicon layer 4 mometer, does not coincide with the actual temperature 

which can be annealed by one pulse of the pulse ex- of substrate due to the direct irradiation of the tem- 

cimer laser beam by the semiconductor layer annealing perature detector 7 by the light emitted by the arc lamp 

method of the present invention is greater than that of 5 » a dummy substrate 9 of the same material as that of 

the same polycrystaUine sflicon layer 4 which can be 50 **** substrate is disposed between the arc lamp 5 and the 

annealed by one pulse of the pulse excimer laser beam temperature detector 7 as shown in FIG. 2 so as to 

by the prior art semiconductor layer annealing method. shield the temperature detector 7 from direct irradiation 

Thus, the number of pulses of the pulse excimer laser and the temperature of the dummy substrate 9 should be 

beam required for annealing one wafer in annealing the d et e ct ed by the temperature detect or 7 to monitor the 
semiconductor layer fonned thereon by the semicon- 55 temperature of the substrate correctly for the accurate 

ductor layer an nealin g method of the present invention control of the preheating of the substrate, 

is smaller than that required by the prior art semicon- As is apparent from the foregoing description, the 

ductor layer ^"^rmg method and, consequently, the semiconductor layer annealing method of the present 

present invention increases the throughput of the semi- invention preheats a wafer consisting of a substrate and 
conductor layer annealing process. 60 a semiconductor layer formed thereon by a heating 

If the polycrystaUine sflicon layer 4 is formed on a lamp to a temperature which wfll not exercise adverse 
substrate having a softening point higher than that of thermal efTect on the substrate, and then only the semi- 
the low-melting glass substrate 1, the substrate can be conductor layer is heated further by an excimer laser 
heated to a higher temperature by the arc lamp 5 and a beam to a temperature high enough for annealing in a 
portion of a wider area of the polycrystaUine sflicon 65 very short time interval. Thus, the semiconductor sub- 
layer 4 can be annealed by one pulse of the same pulse strate can be satisfactorily and efficiently annealed so 
excimer laser beam For example, if the polycrystaUine that only few traps remain therein without exercising 
sflicon layer 4 is formed on a quartz substrate having a adverse thermal effect on the substrate and the through- 
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put of the semiconductor layer annealing process can be 
increased. 

Although the invention has been described in its pre- 
ferred form with a certain degree of particularity, obvi- 
ously many changes and variations are possible therein. 5 
It is therefore to be understood that the present inven- 
tion may be practiced otherwise than as specifically 
described herein without departing from the spirit and 
scope thereof. 
What is claimed is: 10 
1. A method of annealing a semiconductor layer 
formed on a low temperature melting substrate, said 
method comprising steps of: 
heating a wafer consisting of the low temperature 
melting substrate and the semiconductor layer 15 
formed thereon by a heating means to a desired 
preheating temperature which will not produce 
adverse thermal effects on the substrate; 
detecting with a temperature detector when said 
wafer has reached said desired preheating tempera- 20 
ture, 

then heating a portion of a small area of the semicon- 
ductor layer with a pulse of an excimer laser beam 
for one annealing cycle to a second temperature 
which is higher than said desired preheating tern- 25 



6 

perature and said second temperature is high 
enough to anneal the portion of the semiconductor 
layer, and 

and successively sequentially repeating the heating of 
successive small area portions of the semiconduc- 
tor layer so as to anneal them. 

2. A method according to claim 1, wherein the heat- 
ing means is an arc lamp. 

3. A method according to claim 1, wherein the heat- 
ing means is a halogen lamp. 

4. A method according to claim 1, wherein the ex- 
cimer laser beam is a XeCl laser beam. 

5. A method according to claim 1, wherein the ex- 
cimer laser beam is a KrF laser beam. 

6. A method according to claim 1, wherein the pulse 
width of the pulse of the excimer laser beam is in the 
range of 20 to 40 nsec. 

7. The method of claim 1 including the step of placing 
a dummy substrate formed of low temperature melting 
substrate between said heating means and said tempera- 
ture detector so as to shield said temperature detector so 
as to monitor the temperature of said dummy substrate 
so as to correctly monitor the temperature of said sub- 
strate. 
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